Background: Dual Energy Contrast Enhanced Spectral Mammography (DE-CESM) is a new and advanced clinical application of full field (FFDM) and is easily implemented, fast, and reproducible, and breast doses are comparable to those of standard digital mammography, it might be useful for shifting expensive MRI to digital mammography.
Introduction
DETECTION of malignant breast lesions at earlier stages and their accurate differentiation from benign lesions is essential to reduce the associated morbidity and mortality and increase the 5-years survival rate up to 95% [1] . Mammogram is the basic imaging modality for early diagnosis of breast cancer [2] .
The dual-energy contrast-enhanced spectral mammogram is a new, easy, fast and reproducible advanced clinical application of FFDM with comparable breast doses to those of the standard digital mammogram [3] . Its mechanism of action is based on the detection of the angiogenesis associated with malignant breast lesions via monitoring the uptake of the injected iodinated nonionic contrast material [4] .
The application of the dual-energy CESM with US permits the diagnosis of malignant breast lesions with more accuracy and sensitivity than the application of mammography with US alone [3] . Such technique might allow digital mammography to replace the expensive MRI [5] . Using CESM to assess the morphology and enhancement characteristics of breast lesions improves the ability of digital mammography to differentiate benign from malignant breast lesions.
Patients and Methods
This prospective study included 20 female patients, inclusion criteria (any patient with breast mass) exclusion criteria (allergy to contrast media, pregnancy, patient with histopathologically proved malignant breast masses). 2113 2114
Role of DE-CESM in Breast Masses
Each patient had one unilateral breast mass, aged from 40-65 years, with the mean age is 53 years. They were referred to the radio diagnosis department of the Air Forces Hospital from December 2016 to December 2017. All participants were subjected to a full history taking, consent taking; dual energy contrast enhanced mammographic examination, a complementary Ultrasound, and histopathological examination.
DE-CESM examinations were performed with a current full-field digital mammography system using a flat panel detector with CsI absorber, field size 19 X 23, del pitch of 100mm, image matrix size 1,914 X 2,294 (Senographe DS), with some specific software and hardware adaptations for the acquisition and image processing. Since the low energy level used in the standard mammogram is not sufficient to visualize low concentrations of iodine, changing the X-ray spectrum to deliver energies just above the K-edge of iodine (33.2 keV) was required. This could be done through the addition of a copper filter specifically designed for CEDM, in addition to the usual molybdenum and rhodium filters used for the conventional mammography. Moreover, the conventionally used voltage range (26-32kVp) is replaced by a higher one (45-49kVp). The exposure durations for a 5cmthick, 50% glandular breasts are around 1 second and 3 seconds for the low and high energy images, respectively.
A catheter was inserted into the antecubital vein of the arm on the other side of the breast being examined. The non-ionic contrast agent (Omnipaque 300) dose (1.5ml/body weight) was then injected intravenously in a single shot at a rate of 3ml/s. Two minutes after the initiation of the injection, the healthy breast was compressed in an MLO view capturing a pair of low-and high-energy images. Four minutes after the initiation of the injection, the diseased breast was compressed in the CC position capturing a pair of low-and highenergy images. A combination of low-energy and high-energy images through a specific image processing was performed to produce two subtracted images with contrast agent uptake information (one in the MLO and one in the CC view). The areas which did not take the contrast agent were removed from the image via the weighted subtraction of the two images. In order to eliminate the possibility of movement artifacts and to maintain image details associated with the conventional mammography the compression was only applied after the contrast injection.
Image analysis:
The subtracted images assess the presence or absence of contrast enhancement either (enhancing or non-enhancing mass), assessment of the pattern of the enhancement (homogenous or heterogeneous), assessment of the echogenicity of the enhancement (faint or avid or ring enhancement), analyzing the low-energy images was necessary to detect non-enhancing suspicious clusters of micro calcifications, focal asymmetries and distorted parenchyma and to assess the morphology of masses including margins (ill-defined, welldefined or speculated) and shape (irregular, oval or rounded).
B-Mode ultrasonography:
Conventional US examination was conducted using an annular-array mechanical sector scanner with a frequency of 7.5MHz, obtaining images via a digital US scanner. None of the participants reported any adverse effects after the examination.
Imaging method:
Patient position: The inner medial breast was scanned while the patient lying supine and the outer lateral breast was scanned while the patient placed in the contra-lateral oblique position with her arm elevated and a pillow placed under her shoulder.
Technique:
Sagittal and transverse planes were the basic scanning plans to obtain three diameters of the lesion and other planes where only added whenever necessary according to the long axis of the mass. Both axillas were evaluated for pathological lymph nodes. Lesions were examined to determine their shape (oval, round or irregular), margin (speculated, micro lobulated, circumscribed or indistinct), echotexture (anechoic, hypo echoic, isoechoic, or hyperechoic), acoustic transmission and the presence of calcifications.
Histopathologic diagnoses:
Histopathologic diagnosis of specimens was used as a reference standards whether a true cut needle biopsy which was obtained under the guidance of U/S using 14-to 18-gauge needle, Fine Needle Aspiration Cytology (FNAC) or surgical biopsy.
Results
This study was carried out on 20 female patients who presented clinically by a breast lump. All participants underwent DE-CESM examination, ultrasound examination which were correlated with PPV Specificity Sensitivity We find that most of malignant masses showed avid enhancement on digital subtracted images , irregular shaped , speculated margin with similar features on ultrasound examination & confirmed by hisopathological examination , while most of benign masses in our study showed regular shape , circumscribed margin with faint or no enhancement & also similar features on ultrasound &confirmed by histopathology as shown in the previous tables. 
Discussion
In this study 20 female patients with breast masses (each patient with one unilateral mass) were examined to evaluate the role of DE-CESM and ultrasound BI-RADS, classification into final assessment categories to detect the presence of malignancy and its contribution to patient management.
Lawrence et al., 1994 [6] stated that the incidence of invasive duct carcinoma was 70.8%, and lobular carcinoma was 6.8%. This is in agreement with the current study which reported an incidence of invasive duct carcinoma of (83.3%) and invasive lobular carcinoma of (16.6%).
Hong et al., 2005 [7] stated that the shape, margin and boundaries differentiated benign from malignant lesions with a statistical significance. This coincides with this study which demonstrated the benign features of breast mass including oval or round shape, circumscribed margins while the malignant features included irregular shape, micro lobulation, indistinctness, and speculated margins. [8] stated that speculated margins demonstrated a 91% Positive Predictive Value (PPV) for malignant lesions. Their finding is matching with the result of this study in which speculated margins were only associated with malignant lesions.
Macura et al., 2006
In 2001, Lewin et al., evaluated the value of using a dual-energy contrast digital mammography based on a weighted subtraction of two images; one below and the other above the K edge of iodine [9] the morphology enhancement characteristics of benign and malignant breast lesions on dual-energy CESM are still under investigation. The current study evaluated the enhancement characteristics and morphology descriptors of DE-CESM on breast lesions, their value in the differentiation of benign and malignant breast lesions and whether the absence of contrast uptake would be an exclusion of malignancy or not.
Jong et al., reported that 89% (8/9) of the invasive cancers and 42% (5/12) of the benign lesions were enhanced [10] , while in the present study, non-enhanced malignant lesions (1/12, 8.3%) were significantly less than non-enhanced benign lesions (3/8, 37, 5%) (p-value 0.149), such finding emphasize the necessity of biopsy when suspicious findings are encountered in mammogram or ultrasound [8] . Lewin et al., 2003 [11] . Conducted their study on 26 cases, 13 of them had invasive malignant lesions, 11 of them demonstrated avid enhancement, 1 enhanced faintly, and 1 enhanced moderately. This coincides with the current study which reported 9 patients with avid enhancement with (7/12) malignant lesions (58.3%) and (2/8) benign lesions (25%), faint enhancement in 5 patients with (2/12) malignant lesions (16.7%) & (3/8) benign lesions (37.5%).
The internal enhancement patterns of mass lesions were categorized into heterogeneous, homogeneous and ring-pattern. Malignant lesions were characterized by a heterogeneous uptake of the contrast (<_0.001). This could be attributed to the micro vascular density which determines the heterogeneity of tumor enhancement [12] . This coincides with this study that shows the lesions were heterogeneously enhanced in 9 patients with (7/12) patients were malignant (58,7%) and (2/8) patients were benign (25%), homogenously enhanced in 8 patients with (4/12) lesions were malignant (33.3%) & (4/8) lesions were benign (50%) while ring enhanced was detected in 3 patients with (2/8) lesions were benign (25%) and (1/12) lesion malignant (8.3%). Schnall et al., 2006 [13] reported a high correlation between ring-like enhancement and cancer diagnosis on MRI examination (PPV, 84%). MRI (T2 image) was superior to DE-CESM as it can effectively exclude abscess cavities and infected cysts [12] . Thus, ring enhancement was not considered a reliable indicator of the nature of mass lesions in this study.
In conclusion, the morphology descriptors of breast lesions on DE-DESM can effectively differentiate benign and malignant breast lesions except for the ring pattern of contrast uptake which is not reliable in such matter. [14] did not approve the rule of echogenicity in the differentiation of solid breast masses due to the unavailability of a standardized definition of this parameter.
Slantz et al., 2002
It is a fact that in comparison to the adjacent echogenic fibro glandular breast tissues, most tumors appear hypoechoic. In the study conducted by Moy, et al., 2002 [15] on 142 fibro adenomas and 149 breast cancer cases, 94 of fibro adenomas and 92% of invasive carcinomas were hypo-echoic. They reported that comparing the lesion echogenicity with that of the fat tissues instead of the fibro glandular tissue can yield more reliable data. This is in agreement with this study in which 12 malignant and 5 benign masses were hypoechoic which is not a definite differentiating sign between benign and malignant lesions.
Houssami et al., 2003 [16] stated that shadowing is a very important characteristic of malignancy. This is in agreement with the current study in which all malignant masses demonstrated a posterior shadowing.
Suspicious findings were divided into major and minor to distinguish category 4 and 5 lesions. Major suspicious findings included irregular shape, speculated margin, and micro calcifications. Minor suspicious findings included micro lobulated or angular margin, complex echogenicity, and posterior shadowing [17] . In the present study, BI-RADS category 4 and 5 were encountered in 8 and 3 lesions respectively.
Out of the 20 patients included in this study, 8 patients (40%) were confirmed histopathologically to have benign breast lesions [ 15 (20%) with fibro adenomas (the most common benign lesion), 2 (10%) with simple cyst, 1 (5%) with complicated cysts, 1 (5%) with lipoma 1 (2%)]. 12 patients (60%) were confirmed histopathologically to have malignant breast lesions [6 (30%) with Infiltrating Ductal Carcinomas (IDC) (the most common malignant lesion), 4 (20%) with infiltrating lobular carcinoma, 2 (10%) with medullary carcinoma].
According to the present study, the conventional DE-CESM was 91.7% sensitive, 87.5% specific and 90% accurate. The PPV, and NPV were 91.7%, and 87.5%. These results correlate with the study done by Cheung YC1 et al., 2016 [18] DE-CESM was 90.9% sensitive, 83.78% specific, 86.4% accurate with a 76.92% positive predictive value and 93.94% negative predictive value.
To conclude, this study confirms that DE-CESM is an accurate diagnostic tool of breast malignancy and shows a clear potential of adding CEDM to improve the diagnosis of breast cancer. Also, DE-CESM is significantly more sensitive than MX alone and/or MX interpreted with US.
